Abstract-In the Pressioni Arteriose Monitorate e Loro Associazioni (PAMELA) study, office, home, and ambulatory blood pressure (BP) values were measured contemporaneously between 1990 and 1993 in a large population sample (nϭ2051). Cardiovascular (CV) and non-CV death certificates were collected over the next 148 months, which allowed us to assess the prognostic value of selective and combined elevation in these 3 BPs over a long follow-up. There were 69 CV and 233 all-cause deaths. Compared with subjects with normal office and 24-hour BP, the hazard ratio for CV death showed a progressive increase in those with a selective office BP elevation (white-coat hypertension), a selective 24-hour BP elevation (masked hypertension), and elevation in both office and 24-hour BP. This was the case also when the above conditions were identified by office versus home BP values. Selective elevation in home versus ambulatory BP or vice versa also carried an increased risk. There was indeed a progressive increase in both CV and all-cause mortality risk from subjects in whom office, home, and ambulatory BP were all normal to those in whom 1, 2, or all 3 BPs were elevated, regardless of which BP was considered. The trends remained significant after adjustment for age and gender, as well as, in most instances, after further adjustment for other cardiovascular risk factors. Thus, white-coat hypertension and masked hypertension, both when identified by office and ambulatory or by office and home BPs, are not prognostically innocent. Indeed, each BP elevation (office, home, or ambulatory) carries an increase in risk mortality that adds to that of the other BP elevations. 
U se of ambulatory and home blood pressure (BP) measurements has allowed us to discover 2 conditions that were unknown when BP was mainly measured in the clinic environment, that is: (1) isolated office (or white-coat) hypertension (HT), in which BPs obtained in the office are Ն140 mm Hg systolic or Ն90 mm Hg diastolic, whereas ambulatory or home BP values remain within their normal range; and (2) masked HT, in which office BP is normal, whereas ambulatory or home BPs are elevated. 1 The clinical significance of these conditions is still a matter of debate, because cross-sectional studies aimed at examining whether white-coat HT is accompanied by a greater incidence of HT-related organ damage have not provided univocal results. [2] [3] [4] In addition, and more importantly, the results have not been univocal in the few studies that have addressed this issue prospectically and have reported white-coat HT (as diagnosed by office BP elevation and ambulatory BP normality) to carry no increase in the incidence of cerebral or cardiovascular (CV) disease [5] [6] [7] [8] [9] or to have a greater or delayed CV risk as compared with that of normotensive subjects. 10 -13 Furthermore, masked HT has been reported to have a greater prevalence of organ damage 14 -16 and a prognostically greater risk than that of normotensive individuals and possibly of white-coat hypertensives. 13, 17, 18 However, the evidence is largely confined to a few studies based on ambulatory BP in populations with selected ages, limited follow-up periods, and variable definitions of ambulatory BP normality over 24 hours or the day only. Finally, limited evidence is available as to the prognostic significance of the 2 above-mentioned clinical conditions, when identified by home BP measurements, that is, procedures of large and growing use in clinical practice.
The Pressioni Arteriose Monitorate e Loro Associazioni (PAMELA) study examined cross-sectionally a large sample representative of the population of Monza (a town in the northeast outskirt of Milan) from 1990 to 1993 to establish the normality range of ambulatory and home BPs. 19 From recruitment to October 2004, contact with participants was maintained by mail and phone, and a copy of the death certificate was obtained for all of the subjects who died. This allowed a number of issues to be examined (some for the first time) in the context of a population and over a long follow-up. First, it allowed the prognostic value of white-coat or masked HT to be assessed over a long observational period in a general population rather than in selected cohorts of subjects, as in most previous studies. Second, it studied the prognostic value of white-coat or masked HT when the diagnosis is based on home BP vis a vis that based on ambulatory BP. Third, it studied the prognosis of individuals in whom a discrepancy exists between home and ambulatory BP, that is, one is elevated, whereas the other is normal and vice versa. Last, it studied whether and how the elevation of 1, 2, or all 3 BPs has a progressively adverse impact on prognosis, independent of their "in-office" or "out-of-office" nature.
Methods
The methodology used in the PAMELA Study has been reported in detail elsewhere. 19 Briefly, 3200 individuals were randomly selected from the residents of the town of Monza to be representative of the population for gender and age decades (25 to 74 years), according to the criteria used in the World Health Organization-MONItoring trends and determinants on CArdiovascular diseases (MONICA) Study conducted in the same geographic area. The overall participation rate was 64% (nϭ2051) consistently in each age and sex stratum. The demographic characteristics of nonparticipants were similar to those of participants. This was also the case for CV risk factors based on information collected via phone interviews.
Entry Data
Participants were invited to come to the outpatient sector of the local hospital (San Gerardo) in the morning of a working day (Monday through Friday), where several data were collected. Those relevant to the present study are (1) 3 sphygmomanometric BP measurements with the subject in the sitting position, starting 10 minutes after the beginning of the medical visit, (2) a 24-hour ambulatory BP monitoring through an oscillometric device (Spacelabs 90207, Spacelabs) with Data are shown as mean (SD) or %. SBP indicates systolic BP; DBP, diastolic BP; BMI, body mass index; office 24 hour 1 or office 1 home 3, white-coat HT; office 3 24 hour or office 3 home 1, masked HT.
the BP readings set at 20-minute intervals (the subjects were sent home after checking for the device accuracy with the instruction to attend at their usual activities and to come back the next morning for the device removal), (3) 2 home BP measurements (approximately at 7:00 AM and 7:00 PM) through a validated semiautomatic device (Model HP 5331, Philips) using the arm contralateral to that used for ambulatory monitoring, (4) 3 additional sphygmomanometric sitting BP measurements, after removal of the ambulatory BP device, and (5) information (history and physical examination) on CV risk factors including overweight, smoking habit, serum cholesterol, blood glucose, diabetes mellitus, and history of previous CV morbid events. Total serum cholesterol and blood glucose levels were measured in all of the subjects by standard radioenzymatic method.
Follow-Up
From the time of the medical visit to October 1, 2004, a copy of the death certificate was obtained for all of the subjects who died. The causes of death reported in the certificate were coded according to the Tenth International Classification of Diseases. Over an average follow-up period amounting to 148 months, there were 233 deaths, of which 69 were of a CV nature.
Data Analysis
The 3 office and the 2 home BP measurements obtained at the initial visit were separately averaged. As reported in detail in the article describing the PAMELA data, 19 ambulatory BP values were edited from artifacts according to preselected criteria 20 and averaged for the 24 hours, the day (7:00 AM to 11:00 PM), and the night (11:00 PM to 7:00 AM). Valid ambulatory BP readings were 95.9% of those planned (ie, 72 readings over 24 hours) with an homogeneous distribution (2.9 per hour) throughout the entire recording period and a similar percentage of valid readings compared with the expected ones over the day (95.7%) and the night (96.5%). Based on office (pooled data) and 24-hour ambulatory BP values, subjects were divided into 4 groups: (1) normal office (Ͻ140/90 mm Hg) and 24-hour (Ͻ125/79 mm Hg) systolic and diastolic BP; (2) elevation in office systolic or diastolic BP with normal 24-hour ambulatory BP, that is, isolated office or white-coat HT; (3) normal office BP with elevation in 24-hour home systolic or diastolic BP, that is, masked HT; and (4) elevated office and 24-hour systolic or diastolic BP. A similar subdivision into 4 groups was made based on office versus home BP values normality (Ͻ135 mm Hg systolic or Ͻ83 mm Hg diastolic) or elevations (Ն135 mm Hg systolic or Ն83 mm Hg diastolic). Subjects were divided into 4 groups also according to the normal and/or elevated 24-hour and home BP values. The upper normality values of 24-hour and home BPs were derived from the cross-sectional data obtained in the whole PAMELA population based on their correspondence with office BPs equal to 140/ 90 mm Hg on the regression line linking the 3 BPs. 19 These values are superimposable to the normality values reported by other studies using different approaches and mentioned by international guidelines as the most likely cutoffs dividing out-of-office HT from normoten- Percentage incidence of CV (f) and all-cause death (Ⅺ) over an average follow-up of 148 months in subjects with various combinations of normality or elevation in office, home, and 24-hour BP. Data are adjusted for age and gender. Numbers refer to sion. 1, 21 The incidence of events was calculated via a logistic model. The hazard ratio was calculated by the Cox proportional hazard model, the assumption of BP proportionality being assessed by proper statistical test. The 2 test was used to evaluate the trends in death incidence or hazard ratio: (1) from the normotensive to white-coat hypertensive, masked hypertensive, and in-office and out-of-office hypertensive group; (2) from the group with normal 24-hour and home BP, the group with selective 24-hour BP elevation, the group with selective home BP elevation, and the group with elevation in both 24-hour and home BP; and (3) from the group with no BP elevation to the groups with elevation in 1, 2, or all 3 of the BPs, regardless of whether they were measured. Groups were ordered in the above fashion because of the suggestion from previous studies that: (1) in white-coat HT, CV damage and risk may be greater than in "true" normotension but less in true HT 2,3,5,6 -13 ; (2) masked HT may be clinically worse than white-coat HT because of the superior prognostic significance of ambulatory versus office BP 14 ; and (3) the ability of home BP to predict the risk of death compares favorably with that of ambulatory BP. 14 Data were adjusted for age and gender. Further adjustments were also made for history of CV disease, smoking prevalence, blood glucose, and serum total cholesterol, which were included as covariates into the model. Throughout the text, values in parentheses refer to the SD of the mean. A 2-tailed P value Ͻ0.05 was considered to be statistically significant.
Results
As shown in Table 1 , compared with normotensive subjects, subjects with white-coat HT, masked HT, and elevation, both in-office and out-of-office BP showed a greater male prevalence, age, body mass index, serum total cholesterol, and blood glucose. This was the case either when BP normality and elevation were identified by office versus 24-hour and by office versus home BP criteria (Table 1, bottom). As shown in Figure 1A and 1B, compared with normotensive subjects, age-and gender-adjusted incidence of CV and all-cause death were usually greater in the remaining 3 groups. There was a statistically significant trend toward a progressively greater unadjusted and age-and gender-adjusted risk of CV from the entirely normotensive to the white-coat HT, masked HT, and entirely hypertensive group, regardless of whether BP normality or elevation was identified by office versus ambulatory or by office versus home BP criteria (Figure 2A and 2B) . A similar trend was observed for unadjusted hazard ratios for all-cause mortality ( Figure 3A and 3B) , as well as for further adjustment of the risk of CV mortality and history of CV disease, smoking, serum total cholesterol, and blood glucose ( Table 2) . Table 3 , top, shows the baseline values of 4 groups characterized by 24-hour and home BP normality, selective elevation in 24-hour BP, selective elevation in home BP, and elevation in both 24-hour and home BP. Compared with the first group, male prevalence, age, body mass index, and lipid and glucose variables were invariably greater in the remaining 3 groups. This Hazard ratios (HR, 95% confidence intervals) for CV death in subjects with white-coat HT, masked HT, or elevations in both in-office and out-of-office BP versus subjects with in-office and out-of-office BP normality, as defined in Figure 1 . HRs are also shown for subjects with elevation in 1, 2, or all 3 available BPs versus those in whom all 3 BPs were normal (D) regardless of whether the elevation involved office, home, or ambulatory BP.
•, unadjusted data; ⅜, data adjusted for age and gender. Symbols and explanations as in the preceding figure. was associated with a statistically significant trend toward a progressively greater CV and all-cause mortality ( Figure 1C) . A similar trend was observed for the unadjusted and age-and gender-adjusted hazard ratios for CV, although not for all-cause mortality ( Figure 2C , Figure 3C , and Table 2 ). The trend toward a progressive increase in CV mortality remained significant after further adjustment for history of CV disease, smoking, serum cholesterol, and blood glucose ( Table 2) . Table 3 (bottom) shows baseline values of subjects in whom office, 24-hour, and home BPs were all normal versus those in whom 1, 2, or all 3 BPs were elevated, regardless of which BP was considered. Male prevalence, age, body mass index, serum total cholesterol, and blood glucose were less in subjects in whom all 3 of the BPs were normal with a progressive increase from the first to the fourth group. This was associated with a statistically significant trend toward a progressively greater ageand gender-adjusted incidence of CV and all-cause mortality ( Figure 1D) . A similar trend was observed for the unadjusted and age-and gender-adjusted hazard ratios for CV and all-cause mortality ( Figures 2D and 3D and Table 2 ). In both instances, the trend remained significant also after further adjustment for history of CV disease, smoking, serum cholesterol, and blood glucose ( Table 2 ).
Discussion
Our study allows several conclusions to be made. First, in the PAMELA population, the incidence and risk of CV death showed a progressive increase from subjects in which in-office and out-of-office BPs were both normal to subjects with whitecoat HT, masked HT, and in-office and "out-of-office" HT, independent of age and gender. Second, the progressive increase in mortality from the entirely normotensive to the entirely hypertensive group occurred regardless of whether the above conditions were identified based on office versus ambulatory or office versus home BP. Thus, white-coat and masked HT are not clinically innocent conditions, but they rather indicate a transition toward a greater risk that reached the maximum when in-office and out-of-office BP are both increased. This has 2 implications for the practice of medicine. First, physicians should not lightly decide to dismiss treatment in patients with white-coat HT. Second, normal office BP values should not be taken as a guarantee that there is no increase in risk because of the possibility of an elevation in out-of-office BP. This implies that out-of-office BP values should be more frequently collected than is recommended by current guidelines. 1 The noticeable prevalence of masked HT in the normotensive fraction of the PAMELA population (14.5% and 15.5% when assessed by ambulatory and office BP, respectively; Reference 14 ) scores in this direction.
Our study provides new evidence on other clinically relevant issues. Although in our subjects only 2 home BP measurements were available, a selective elevation in home BP increased the age-and gender-adjusted risk of CV and all-cause mortality to an extent that was, if anything, greater For each BP pair, trend was calculated for normality of both BPs, selective increase in 1 BP, selective increase in the other BP, and increase in both BPs. Trend was also calculated for subjects with no increase in BP or increase in 1, 2, or all 3 BPs. Data were always adjusted for history of CV disease. NS indicates not significant.
than the increase associated with a selective elevation in 24-hour BP. This confirms the importance of BP values self-measured in the home environment 9, 18 of which the prognostic significance may favorably compare with that of 24-hour BP even when the potential of this approach (daily measurements for weeks) is only partially used. The above, however, does not mean that home BP should be considered just as a substitute of ambulatory BP monitoring, because, in our study, an elevation in only 1 of these out-of-office BPs was accompanied by a risk of CV or all-cause death, which was less than that seen when both of these out-of-office BPs were elevated. Thus, home and ambulatory BP do not represent a duplicate of the same type of information. This is also made clear by the observation that age-and genderadjusted risk of CV and all-cause death increased progressively in subjects in whom office, home, and 24-hour BP were all normal to subjects in whom 1, 2, or all 3 of these BPs were elevated, regardless of which BP showed the elevation. This leads to the conclusion that office, home, and 24-hour BPs have an individual prognostic value that may add to the prognostic value of the others BPs. Thus, obtaining information on office, home, and 24-hour BP may represent the ideal clinical procedure.
Confirming previous findings, [22] [23] [24] [25] [26] white-coat hypertensives, masked hypertensives, and hypertensives with in-office and out-of office BP elevations of the PAMELA study all showed body mass index, serum total cholesterol, and blood glucose values that were greater the those of individuals with in-office and out-of-office BP normality. In addition, however, they show that body mass index, total serum cholesterol, and plasma glucose all displayed a progressive increase from individuals in whom office, home, and ambulatory BPs were all normal to those in which 1, 2, or all 3 BPs were elevated (Table 1, PϽ0.0001 for all trends). This emphasizes that there is a close quantitative relationship between metabolic and BP abnormalities, regardless of where and how BP is measured, with each BP offering a specific contribution to the overall dysmetabolic profile. It also makes it obvious that the progressive increase in risk from normotension to white-coat HT, masked HT, and true HT, as well as from subjects with no elevation to subjects with 3 BP elevations may have a multifactorial nature, that is, it may also be because of alterations in glucose and lipid metabolism. BP alterations, per se, however, are likely to be involved, because in all of the above conditions, the progressive increase in CV mortality remained significant after adjustment for differences in metabolic, as well as other risk factors between groups, suggesting that in-office and out-of-office BPs, per se, play a role. This role may be accounted for by the data shown in Tables 1 and 3 . That is, in white-coat HT, the office BP elevation was accompanied by ambulatory or home BP values that, although normal, were higher than the values seen in subjects without white-coat HT. Conversely, in masked HT, office BP values, although normal, were higher than those observed in subjects without masked HT. Finally, moving from the condition of no BP elevation to that of 1, 2, or all 3 BP elevations was associated with a progressive increase in all of the BPs, that is, both in the BPs that reached the HT range and in those that remained in the normotensive range (Table 3 , bottom). This may have prognostic relevance, because office, home, and 24-hour BP have all been shown to have a continuous relationship with CV risk. 1, 2, 9, 10 Our study has a number of favorable characteristics but also 2 limitations. The favorable characteristics include the long follow-up, as well as the objective nature (death) of the events. One limitation is that the number of CV events was small, given the low CV risk of Mediterranean populations, leading to hazard ratios with large confidence limits. However, the results were often supported by the data on all-cause death, which was Ͼ3 times as large as CV death. This was, for example, the case for age-and gender-adjusted risk of all-cause death in subjects with no or 1, 2, or 3 BP elevations. The other limitation is that the observational nature of our study did not allow us to assess the effect on the prognosis of antihypertensive treatment and therapeutic corrections of glucose and lipid abnormalities. Antihypertensive treatment, for example, might have been more common in white-coat than in masked hypertensives, because in the clinical practice treatment is usually guided by office BP elevations, contributing to the better prognosis of the former versus the latter condition. 
Perspectives
Our study provides long-term prognostic evidence that whitecoat or masked HT are not innocent conditions. It also provides evidence that office, home, and 24-hour BP may each have an adverse prognostic value, which adds to that of the other BPs.
